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The  purpose  of  this  investigation  was  to  continue  the 
development  of  the  Universal  Network  Interface  Device  (UNTP) . 
This  involved  the  design  and  construction  of  a  new  memory 
board  which  incorporated  two  previously  constructed  memory 
boards.  This  investigation  was  limited  to  the  development 
and  testing  of.  that  new  board  and  the  UNID  itself. 
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Abstract 


'vThe  objective  of  this  investigation  was  to  design  and 
construct  two  memory  boards  for  the  Digital  Engineering 
Laboratory  Network's  (DELNET's)  Universal  Network  Interface 
Devices  (UNIDs) .  The  UNID  is  a  flexible  message  processor 
designed  for  computer  communications  network  applications. 
The  new  memory  boards  incorporated  the  prototype 
microcomputer  based  message  processor  memory  boards  of  the 
previous  theses.  Using  the  existing  memory  boa  res,  m.-v. 
memory  boards  were  designed,  constructed,  tested,  i",< 
documented.  The  results  of  this  effort  were  the  el  j  m  i  rm  '  i on 
of  unreliable  NAM^the  reduction  i  n  ■!..  number  of  circuit 
boards  used  in  the  yNTD,  and  two  operational  UN  IDs . 
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CONTINUED  DEVELOPMENT 
OP  THE 

UNIVERSAL  NETWORK  INTERFACE  DEVICE 


The  purpose  of  this  investigation  was  to  continue  the 
development  of  an  operational  microcomputer  based  message 
processor  with  the  inherent  flexibility  to  permit  its 
utilization  in  different  types  of  data  communications  network 
applications.  The  need  for  a  universal  network  device  was 
first  proposed  by  the  Air  Force  Communication  Service  (akso 
(28)  .  There  have  been  four  previous  invest  i  ga  t  ions 
(22,5,1,17)  into  the  development  of  a  universal  network 
interface  device,  and  this  investigac .  *>n  represents  the  fifth 
phase  of  the  study  effort  towards  an  operating  device. 

The  remaining  sections  of  this  chapter  wil. 1  address 
background  information,  followed  by  the  scope,  approach,  and 
overview  of  the  work  covered  in  this  thesis. 


Computer  network  theory  and  application,  as  ivw'  t 

over  the  past  decade,  enjoys  widespread  attention  '<>.•, >  . 
Computer  networks  have  become  an  attractive  alter;  it  i  „i 
increasing  computati  ona 1  power  -nd  sharino  ",  , 

resources.  Undoubtedly  the  most,  successful  exm".1 
computer  networks  is  the  current.  Defense  Advancer 


Project  Agencies  Network 


V 


Mis  I  >a  v  •  k  i  • 


network  not  only  rein  « ,-i » 
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but  also  establishes  network  theory  for  later  applications 
{14:5-23).  One  application  of  that  theory  is  the  CENRT 
(Computer  Science  Network).  While  the  ARPANET  is,  or  at 
least  tries  to  be,  a  closed  society  limited  to  people  who  are 
working  on  Department  of  Defense  contracts,  CSNET  to 

provide  network  services  to  the  entire  U.S.  computer  .  .■nee 
community  (2)  . 

Unfortunately,  an  international  network  of  thi  azo 
cannot  be  tailored  to  the  needs  of  all  potential  network 
users.  Using  the  ARPANET  as  a  simple  computer  network 
interconnecting  various  mi n i comouters  and  microcomputers  u; 
impractical.  These  machines  may  not  need  the  reuour  c.-s 
available  through  the  ARPANET.  A  cost-ef toot i ve  and 

efficient  computer  network,  dedicated  to  these  ■ . .  - 

machines,  would  be  more  desirable.  Such  a  computet 
is  commonly  known  as  a  local  network  (23:286-323). 

Local  networks  tailored  to  a  patcicular  organization  «u.«i 
interconnecti  ng  min i  computers  became  practical  w1'  Mi 
advent  of  the  microprocessor.  The*  microprocessor  war;  '  h<- 
first  development  in  suopor  t  or  .local  networks  bec.iu:.-  1 
allowed  economic  network  nodes  to  be  developed.  These  no 
were  cost-effective  end  yet  offloaded  much  o':  the  no*  work 
protocol  nrocessing  overhead  from  the  computer  host:;  on 
network.  '''his  made  it  or  act  >  <:<i  ’  for  orci.  jh  j  on;  ’  ■  n  .  , 

local  netwoi  k  of  microcomnnt  er  in  lieu  of  »  >  n-«  •  —  .t  i  - 
mainframe  computer. 

A  second  tnrtnn.it  »•  d»*v>- 1  n'i!"t:nl  in  : - 1 1 1 -r ■« « t 
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networks  was  research  into  the  design  of  routing  algorithms 
and  the  techniques  of  flow  control.  Obviously,  routing 
algorithms  and  flow  control  have  direct  impact  on  local 
network  applications.  An  efficient  routing  algorithm  insures 
that  messages  reach  their  destinations  with  a  minimum  delay 
(20:213-241).  Likewise,  sound  flow  control  techniques  will, 
limit  congestion  on  the  network  (20:242-258).  Currently, 
these  research  efforts  are  yielding  positive  results  for 
network  applications. 

A  third  important  development  for  local  networks  came 
with  an  understanding  of  the  need  for  network  protocols. 
Protocols  permit  one  machine  to  communicate  with  another 
machine  through  rules  governing  the  timing  and  formatting  of 
the  data  to  be  exchanged  M  1:35).  Many  different  protocols 
and  associated  levels  are  now  available  with  some  movement 
toward  standardization.  The  f  irst  protocols  were  dove1  op.  d 
as  part  of  scientific  research  projects  under  ARPANK’1'  .mo  <  *..• 
French  Cyclades  network  (13:67-69).  Commercial  manuf actur  .t  : 
have  also  developed  various  protocols.  THM  develop.-*'  i 
binary  synchronous  communication  (IjTSYNC)  protocol  c.’7;i;om 
and  the  System  Network  Architecture  (SNA)  (13:70),  am1  i>':  ’ 
introduced  DFCnet  (Digital  Fguipment  Corporation  ii.:'w  .>  ' 

(13  :69-70).  These  ate  example:,  of  machine  dependent  ... 
networks . 

However,  within  the  last  four  years,  mote  1  >*  xio  '  1 

networks  have  become  available.  These  networks  a  r  »•  ■  : 

to  interfac*-  many  d’*'ert‘nf  t.yoes  o'  mm".  <:..  • 


examples  are  Ungermann-Hass ' s  NET/ONE  and  Xerox's  Ethernet 
(15,3).  NET/ONE  uses  a  network  interface  unit  (NTU)  built 
around  the  Z80A  microprocessor.  The  transmission  medium  is  a 
baseband  coaxial  cable  capable  of  transmission  speeds  up  to  4 
Mbp3.  The  NIU  is  a  significant  feature  of  this  network.  A 
single  NIU  can  connect  to  the  network  any  one  of.  a  1eroe 
number  of  dissimilar  machines.  Reconfiguration  of  the  "tii 
for  different  machines  is  accomplished  easily  by 
different  software.  Additionally,  each  NTU  is  isolated  *■  >  om 
the  network.  Should  one  NTU  fail,  the  rest  of  the  ne'work 
will  not  be  affected.  Further,  NET/ONE  NIUs  contain  mo  d  o' 
the  network  protocols,  making  the  network  ope rs t  i  <>n 
essentially  transparent  to  both  the  user  and  the  host  Hi  . 

The  ETHERNET  is  similar  to  NET/ONE,  but  "o' 

fl 

resourceful  (15).  ETHERNET  does  not  use  network  inter  '  its 
units.  This  requires  the  subscriber  to  house  the  network 
overhead  in  his  machine.  Instead,  a  transceiver  interfaces 
each  user  to  the  network.  '''his  transceiver  isolates  the 
network  from  user  faults  as  v.*  •  - '  '  as  connecting  the  user  *  • . 
the  baseband  cable. 

A  baseband  cable  uses  a  id  di  reel  i  onul  sicuui'  path  on 
which  signals  are  encoded  onto  the  cable.  It  only  .  i '  os 
single  data  channel  and  must  be  snpol.emented  wit.ti  oth.a 
of  wiring  to  provide  non-da  t  a -commun  i  ca  t  i  ons  im  '  .  1 

tvie  si  nol  o  data  chants-',  be:  ••'•and  nc  works  are  e,o. 
having  data  rates  no  to  't  vi.,,.  over  short  <":  '  anc.  ;  ■ 
than  1  00  i  ,  'fti  i  >  s  i  •  d  ’  s  *  e  i  , .  •  .  e  an  be  <;;<  *  a  ,  t  Km, 
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but  reduced  data  rates  from  the  effects  of  disncrsion 
results.  This  is  in  contrast  to  a  broadband  cable  which  is  a 
unidirectional  signal  path.  Both  a  transmit  path  and  a 
receive  path  must  exist.  This  is  accomplished  either  by 

splitting  the  available  bandwidth  into  transmit  and  receive 
channels  on  the  same  cable  or  by  providing  separate  cables 
for  signal  transmission  and  reception.  Broadband  supports 
multi-mode  communications,  including  audio,  video,  and  data 
on  one  cable  pathway.  Broadband  networks  have  greater 
distance  capability  (from  over  100b  feet  up  to  several  miles' 
while  retaining  full  bandwidth  because  they  use  active 
amplifiers  to  distribute  and  extend  the  signal  . 

Broadband  allows  for  greater  distances  than  baseband  but  »h<: 
data-rate  decreases  below  .1.0  Mbps  after  several  miles 

Tn  many  countries,  the  oovernment  or  private  indu.^iy 
began  offering  network  services  to  any  organization  u.t 
wished  to  subscribe  (?3:2H).  These  networks  are  cm  '  '  <  d 
public  networks  similar  to,  and  often  part  of,  the  pub'ic 
telephone  and  utilities  systems.  Such  wide1  v  aye’1  it<t< 
networks  needed  common  agreement  on  some  form  of  m  «>f  ue<«  i  . 
With  this  approach  many  users  operating  dissimilar  harvwoie 
could  subscribe  to  this  service.  In  an  effort  to  oi-.viC,. 
standardized  and  compatible  services  throughout  *  he  w> ■<  '<  . 
these  countries  cooperate  through  the  International  M‘<  '  •  :  •  •< 

and  Telegraph  Consultative  Cunmi  i  ♦- tee  (COT'!"'')  to 
"recommends  t  i  ons  "  fm  pi  p\*  r  d  *  no  various  tynes  and  b 
se  t  v  ice  (1*  .  Sev*  r  ’  i  < eemmtriii  ht '  ’  ore  * 
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switching  network  operations  have  been  adopted  in  recent 
years,  such  as  IBM's  SNA,  DEC'S  DECnet,  Honeywell's 
Distributed  Systems  Environment  (DSE) ,  the  United  Kingdom's 
National  Physics  Laboratory  (NPL)  net  and  France's  Cyclades 
net  (4).  Most  notably  is  the  X.25  recommenduti  on  si>eoi  tying 
the  interface  or  protocol  to  be  voluntarily  adopted  by  >d  .!. 
manufacturers  and  users  (13:71-73). 

As  local  networks  became  more  efficient  and  better 
understood,  the  U.  S.  Air  Force  began  evaluating  their 
potential  usefulness.  In  the  past,  telecommunication:, 
requirements  on  an  Air  Force  base  were  met  in  a  sing'o  .md 
straight  forward  manner  by  providing  voice  communication:  /•  . 
telephone  facilities,  plus  a  few  low-speed  tele  typew  r  i  i  e  r  od 
data  circuits  over  base  cable  systems  (28:2).  However,  e>  •  n 
the  tendency  toward  use  of  digital  processor-:  to  aceono '  >  :,!• 
base-level  functions,  the  base-level  ft?1  ecommun ’  c,>  '  i  on 
facilities  needed  to  be  reevaluated  to  insure  they  coi’c 
support  the  increased  data  communications  needs  (28:?'. 
reevaluation  was  accomplished  in  the  1842  EEG/EE7T  '<  ■•‘u  .  .<  • 

report  TR  78-5  (28) . 

One  facet  of  the  TR  7P-5  technical  report  invo'\*d  1  b: 
method  of  accomplishing  the  base-level  message  .-n.'  ; 

switching  and  distribution  functions.  At  the  base 
distribution  of  data  and  ot  other  traffic  is  -tu  m  ",  ■ 
consideration  since  if  enc« -mousses  user  *  ermina  1  : 
communication  oaths  connect  1  no  them  in'  o  the  ' 

?»»••  wor  k  .  "'here  are,  it,  oe'e-r  .< '  ,  snore  user  *  o  !  o. 


anything  else  in  the  network  and  thus  costs  associated  with 
them  are  multiplied  by  a  large  factor. 

To  satisfy  the  base-level  message  and  data  switching, 
and  distribution  functions,  the  report  postulated  the  need  to 
connect  any  of  the  base  digital  processing  devices  to  any 
terminal  on  the  base  and  also  the  need  to  connect  any  base 
terminal  to  any  other  base  terminal.  To  accomplish  this 
interconnection,  the  "1842"  report  suggested  three  different, 
types  of  network  interconnections;  the  first  was  a  star 
communication  network  with  a  centralized  digital  switch 
(28:162-163)?  the  second  was  based  upon  the  concepts  used  in 
the  Advanced  Research  Project  Agency  (ARPA)  network  ( 2 B -1 '  , 
and  the  last  was  the  loop  or  ring  network  (28:164).  ""u- 

configuration  the  report  finally  recommended  <-<>r  i\- 

base-level  data  distribution  network  was  a  modification 
the  ring  concept  called  a  multi-ring  network.  This  ne'.woi  k 
consisted  of  a  number  of  ring  networks  with  a  node  ut ov  ■  -  o 
interconnectivity  between  the  rings.  This  multi-ring  m-'w <o 
concept  offered  particular  advantages  in  terms  o' 

development,  application,  and  flexibility.  A  key  'o  the 
multi-ring  concept  was  the  deve.U  of  five  tyoes  ot 

devices  which  could  interface  the  multiple  rings  tooefher, 

Rome  Air  Development,  ('enter  was  tasked  with  addresi-i  no 
the  problem  of  the  inter'  lire  d*-vi<  ■.  it  was  r  eeogn :  to. 

the  various  interface  dev  i  <•«•••  i  i *..«d  g*  n  «  '  i  •  «•<•'  m  < 

and  were  requi  red  to  i>*-i!<»rm  simmer  '  unci  j  * .  i  j  ; . .  '''hu:  ,  i  ’ 

appeared  reasonable  tha*  ».m  urn  v*.-«  ;  .  1  ■ 


«r» 


device  (UNID)  could  be  developed  which  could  meet  the 
separate  requirements  of  each  of  the  five  proposed  interface 
devices  of  the  multi-ring  concept.  The  subseuuent 

development  of  the  UNTD  and  a  local  network  application 
became  the  basis  for  numerous  investigations.  A  preliminary 
design  for  the  UNID  was  written  in  1978  (22).  The  building 
of  a  prototype  UNID  based  on  this  design  was  begun  in  1979 
(5).  In  1980,  the  building  of  the  prototype  continued, 
modifications  added,  and  the  design  refined  (I).  Also  in 
1980,  the  development  and  design  of  a  local  computer  network 
for  AFIT's  Digital  Engineering  laboratory  Network  (OHhNr:*'M 
was  begun  using  the  UNTD  and  the  loop  network  concepts  CM. 
In  1981,  concurrent  investigations  (9,17)  font  i  mu.  d 

development  of  the  software  for  the  DELNKT,  I  ir". 

constructing  the  prototype  UNID,  nuilt  a  second  i'NiP,  ui.‘ 
implemented  a  prototype  DEI.NET. 

The  two  UNIDs  were  used  as  nodes,  forming  a  si  mol  •  i.  v! 
network  following  a  previous  design  (11).  The  pro*-.,  ,i« 
network  included  two  computers  and  several  terminals  'udni 
fiberoptic  communica  ti  on:;  link.  ^he  major  components  <>t  .  .i.  h 
UNID  were  a  card  cage,  motherboard,  local  processoi  •  i 

network  processor  curd,  shared  memory  c\t  rd ,  syidt  ■,  . 

card,  local  card,  and  network  card  (1.7:21). 

At  proaenl ,  a  concurrent  investigation  '  <' 

development  of  softwuie  •  or  ('<’).  ’  i  ■ .  > 

investigation,  completed  i  u  1  "82  ,  alleviates  the 
which  the  orevious  the:  ’  s  had.  v  '  '  h  i  ulniom  ess  ;c»\.  .• 
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numerous  quantity  of  dynamic  RAM  chips  used  in  the  system 
memory  produced  transient  signals  caused  by  the  continual 


refresh.  Circuit  coupling  and  switching  noise  due  to  the 
wire  wraps  also  created  problems. 

Scope 

The  basic  hardware  for  the  UNID  is  constrained  by  the 
design  and  implementation  of  previous  investigator  s .  ^  h  i  s 

investigation  remained  within  these  constraints  and  continued 
the  development  of  the  UNID.  The  recommendations  in  or ev ions 
theses  were  identified  and  implemented.  These  resulted  in 
the  design  and  implementation  of  a  new  memory  boa  id  wh’V'i 
combines  the  shared  memory  board  with  the  system  mummy 
board. 

This  investigation  elected  to  concentrate  on  hurdw.i'u 
implementation  and  to  write  software  only  as  necessary  *  *• 
test  that  implementation.  A  co-investigator  PO)  sumdiud 
most  of  the  software  support.  Previously  developed  so'  '  w.-i i  . 
was  also  used. 

The  development  of  the  UNTD  suffered  from  the  '  .ick  <.< 
current  documentation.  This  investigation  updated  a'  *  o.d.'u 
connections,  schematics,  lists,  etc.,  necessary  for  further 
development.  This  intmi.ation  is  contained  hi  the 
nppendicies . 

Apprciich 

First,  an  operable  <o' '  n  w..:  •  •  -  t ' »  <  ‘ .  Ai  tie  t  ..•«!»  i.i<’  :*.i  • 

this  invest  i  oa  t  ion  no  stn  r  ' 1  r  •  w..s  .ivm  i 1  d. 1 mu  i..  i 
failures.  Next,  the  we  mm  v  1 . '  ds  were  re.-.  . :  •  > 


static  RAM  chips,  reducing  the  number  of  ICs  and  eliminating 


the  circuit  coupling  and  switching 

noise  associated  with 

the 

wire  wraps.  The 

reduction 

in 

TCs  also 

el iminated 

t-  he 

transient  signals, 

caused  by 

the 

continual 

refresh,  wi 

i  i  ch 

were  seriously  affecting  the  reliability  of  memory  contents. 
Finally,  both  the  system  memory  and  shared  memory  boards  were 
combined  onto  one  memory  board  reducing  112  memory  chips  used 
to  only  10  memory  chips.  Simple  tests  proved  that  the  f'N 
memory  was  now  reliable. 

Overview 

This  report  covers  hardware  aspects  of  the  imn. 
Chapter  IT  presents  a  summary  of  established  requirements 
design  followed  by  a  discussion  of  modifications  i.iuu1 .  n-<  n<  > 
during  this  investigation.  Chapter  Til  details  s’1 

construction  modifications  made  to  the  IJNIP.  'tiroes,  >. 

testing  of  components  is  documented  in  Chapter  IV.  Chant  ..-r  y 
summarizes  the  results  o»  this  investigation  and  recomm.  nds 
areas  for  further  study.  Finally,  the  Appendicles  min.iMi 
all  hardware  documentation. 


ii.  Eeauixenifiiits  and  Daaisn 


This  chapter  summarizes  the  requirements  and  design 
decisions  established  by  previous  theses  (22,11,17).  These 
requirements  come  from  the  initial  design  as  discussed  in 
Chapter  I.  These  decisions  formed  the  guidelines  for  this 
investigation.  This  chapter  is  divided  into  six  sections: 
UNID  requirements  summary,  DKr.NET  requirements  summary, 
DELNET  design  summary,  UNTD  design  summary,  hnIU 
implementation,  and  Documentation. 

ilNUD  ReouixeioeiLLa  summary 

In  1970,  the  1042  EEC  report  was  used  to  motivate  the 
design  of  the  UNID  (221  .  'Hie  UN’D,  being  universal,  was 
based  on  the  following  genera1  concepts  (22:11-13): 

-The  UNID  functions  as  a  ore-and-- forward 
concentrator  with  message  routine  <\. >>ah  <  '  1 t  y  . 

-The  UNID  includes  socialized  I/O  ports  to 
handle  unique  communication  requirements. 

-The  UNID  easily  handlers  various  network 
operating  systems  a"d  communication  protocols. 

Using  these  concepts  and  st  ructured  analysis  *ec'u<!  u.  : 
(SAT),  UNTD  functiona'  i  ■  ihuhi'  were  d,  v  '  .i 
(29,22:11-13).  This  approach  devo’oped  an  act  i  v  i  ♦  y  1 

consisting  of  a  series  <»'  SA’!'  d  i  aor  ams  show ’to  •  1  ■  • 

functions  and  their  .i  ***  et  t  •• 1  a*  >  ore;.  » ,  ,w  t  u, 

summariz  ino  these  function.'  t  <  u"  ■  *  en,eut  ; 


I.  Communication  Interface. 

A.  Flexibility. 

B.  Signal  Characteristics. 

C.  Port  Configuration. 

D.  Protocol  Software. 


II.  Local  Information  Processing. 

A.  Receive  local  information. 

B.  Store  inf orma ti on . 

C.  Process  local  information. 

D.  Transmit  information  to  network. 

III.  Network  Information  Processing. 

A.  Receive  information  from  network. 

B.  Process  information  from  network. 

C.  Retransmit  network  information  on  network 

D.  Transmit  information  to  local  receiver. 

].  Process  control  information. 

2.  Transmit  information  to  subscriber. 


Once  these  genera1  functions1  remiirements  were 
broad  UNID  bounds  necessary  for  subsequent  «  inn- 
allocation  and  design  phases  were  established.  P.e'ow 
list  of  these  initial  system  hounds.  Justi f i ea ' ' on 
presented  in  (22:34-46). 

-Unid  modularity  based  on  circuit  cards. 

-Software  implementation  o‘:  different  ototoco1;, . 

-Synchronous,  serin*  da  *  a  fates  up  to  l.t  Mhps. 

-Minimum  or  one  fu'  '  <  ">dex  n i  •  ♦  w o r k  T/o  pro  *■ . 

-RS-232C  interfaces  t or  oca1  < /n  pot's. 

—One  local  I/O  por*  for  ‘.’n  r>A  mirront  1  ooo. 

-Interrupt  coptro'led  \/>>  no*  !  . 

The  functional  r  euu  >  i  s  c  1  location  to  'id''*  •  i 


and  software  was  comr*1  t-*,  i  ,d  > 1  i  sh  i  no  sy 


At  t!i  is  on ;  n»  f  r'n 


1 1  >  <  'i  ni' t  ■<  1 1 K  •  r \ '  : ;  ol  *  1 ' 


identifier':  t  oca  *  * /",  rn-'vot- 


■  is ■  r it  o< •«  . • 


f  O  1  1  OW  j  no  ’’.its  SUMni.-i  I  '  ■ . «  '  '  ■  •  I  1  1  (  n'fi  '  '  Oil  to  '  ■  t  <  - : . . 


I  I  'I  .  t  II  —  t  "  ' 


Local  l/D  £omponen.t  .(Haidwax^l 

Recognize  start  of  local  information. 
Recognize  end  of  local  information. 
Recognize  end  of  local  message. 
Transmit  local  information. 


Network  1/D  Cfiinpojifiiit  iliau:dwAX£j. 

Recognize  start  of  network  information. 
Recognize  end  of  network  information. 
Change  serial  information  to  parallel, 
’’’ransmit .  network  information. 


Pjloc^s^qj;:  Component  .lS.of.tw axel. 

Information  to  be  transmitted. 

Store  outgoing  local  information. 

Convert  to  network  character  set. 

Identify  ready  to  be  processed  information 
Process  information  to  be  tr ctnsnii t ted . 
Determine  routine. 

Tnitia!.i  ze  transm  i  tter  . 

Identify  i  nf  or  ma  *• '  on  as  sent. 

Deallocate  storage  space. 

Information  received. 

Store  incoming  network  information. 
Determine  if  error  tree. 

Process  inf orma '  i  <>ri  '  rom  network. 

Identify  as  ready  <o  be  transmitted. 
Identify  type  o'  mesetoo. 

Remove  protocol  t  1  *"<.>'  •  on. 

"rocess  coniro’  :  •' •  < "  .  i  on. 

'"ransmit  informa' 'os  to  '  or,-.  ’  subscriber. 


Rach  entry  cor  resnonds  *  <>  a  oattieulai  d'agr.ir 
activity  mode1  (22:4H-4f»1. 


01i.liN.Rr*  lie  on;,  i  ementy  ‘J  ummg  i  y . 

With  *  be  T  eu  ’  I  '  >  i  • '  'be  n  o  M  I  iron'  I  ' '  e  t  e  , 

a  ,,NTT>  based  ’oca1  rn-<  wot  1  *  ■  ■  r  r-  *' ' '  s  fboMs’ 

l.lilir\r  a  1 r  V  Wit  s  de  s  ’  •  ' "  ■  '  '  '  ■ '  *  b  ei  i  c.  1 1> : ,  i  t  i  s' '  t 


(5,1,17).  Two  aspects  of  local  networks  motivated  the 
investigation.  First,  local  networks  can  increase  procession 
power  without  adding  more  computers  >...  >jgh  resource  sharing. 
Secondly,  researchers  anti  designers  need  a  flexible  local 
network  testbed  capable  of  supporting  network  theory 
development . 

The  DELNET  design  was  a  top  down  development  using  SAT. 
Design  began  by  establishing  user  requirements  lot  the 
development  network  in  the  Digital  Engineering  Labor at or  y .  a 
three-part  user  survey  established  these  requirement  . 
following  is  a  summary  of  the  most  important  requirements  t.n 
the  DELNET  (11:19-23) : 

-Ability  to  transfer  files  across  the  network. 

-Ability  to  share  peripherals  attached  to  other 
hosts  on  t-he  network. 

-Flexibility  in  network  configuration  and 
operation. 

-High  percentage  of  availability. 

-Performance  monitor ’no  capability. 

These  functional  reoii'  rements  were  then  us-  >'  ■ 

establish  DELNET  system  re<pii  rements,  i  ncl  ud:  t-o  both  h  r » ‘ w . .  r . 
and  software.  The  system  hardware  r>  uni  .remold  .. 

essentially  common  sense  approaches  to  network  ,,  t 

hosts,  nodes,  and  t  tansm’  on  rm-i1 '  urns  PI:  27 -.P'  ,  .  ,o. ,  • 

must  be  'lexib’e  .oh1  •  *.i:  >'y  ♦•xpandab'e,  r  r  >  :<  ■  •  i 

bottlenecks  t  h  a  *  1  ’mi*  *  »,  i  ..n.a.i.n*  and  resnonse  *  5  :•••  . 
computers,  reoa rd)  ess  o t  *  t  sot !•  i  •,»  *  c,<  *  i  <u, ,  sV 
easi’y  added  to  the  n»  ''oiiiihi'sm  »  w*  '  h  ' 

.  ■  "  1  I  I  a  n  <1  •  '  . ,  I  :  ■  I  . l  '  '.Lilt'd 


e,  iWi  -  r  t  s 1 


'  In. 


nodes  should  not  degrade  host  per f ormance ,  keeping  the  DRI.NET 
nearly  transparent  to  the  user.  Nodes  must  r econf i gut e 
easily,  accommodate  different  topologies  and  protocol?;,  and 
meet  network  throughput.  The  transmission  mediums  must 
support  data  rates  based  on  network  throughput,  response 
time,  and  bit  error  rate  requirements.  Finally,  the  m-t.NhT 
should  include  a  fiber  optic  link  for  research  uses.  System 
software  requirements  were  more  rigorously  developed  using 
several  SAT's  (11:29-30).  Since  this  investigation  ; s 
limited  to  UNID  hardware  components,  the  reader  is  rt-'eri.d 
to  other  investigations  for  a  complete  development  o'  P'-’i.h'"' 
software  (11,9,10).  The  software  developed  Pm  'u's 

investigation  was  only  that  necessary  to  perform  a  eomopu.  ;d 
test . 

DELUST  Design  Summary 

Topology,  hosts,  nodes,  and  transmission  modi"  s  w--.. 

specified  in  the  DELNET  hardware  desion  (11).  ^he  '  . . 

selected  is  shown  in  Ft  q  2-1  .  The  basic  r  '  n  g  a  rch  i  to.-'  "• 
a  simple  version  of  the  1  oca 1  network  proposed  in  ‘  ■ 

ERG  report  (28).  The  star  looo'ogy  for  the  local  si  i!v  * » '  ' '<< 
network  was  chosen  for  three  reasons  ( 1 1 :  Rfi-ftfi  1  .  •' i 

arrangement  decreases  the  number  of  nodes  reou'rtd,  . 

each  node  more  cost  effect  iv*-.  The  topoTooy  pi.-  1 

pr  act  3  ca  1  interface  for  both  the  s' nudes t  arid  

computers  in  the  !  ji'mr  a'  <■>  v  .  !•' '  na  1  1  v ,  tin- 

interact  with  each  other  *V-  :  '  >  •  *'i  oot.ee  1  ■  . 

m  l'  ,  redin'  IMI  *  he  re  Win  ■-  '  ' 
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Fin  2-1  Topolopy. 

Three  hosts  for  the  initial  i  mp1  einont  a  t  i  or 
specified  (11:86-87).  These  Mutoh  i  nos  r  opr  esentod  a 
collection  t-hat  would  suff  ’ei  eri*1  y  exercise  network  t 
while  prov  i  c'i  nq  the  maxi  muri  r  eiiotu  o«_*  sharinu  c.io/l.i  1  i  » 
Vcix-l  1  /780  was  ol<oson  '  or  ’is  ju  oco::s  I  no  r 


sonh  i  sf  ’  ca  '  ’  on  , 

and  •  1  :  .  •  t  • 
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Chosen  to*  ’  *  :•  h  ’  oh  ;  >i '  <  ,  •  *  :i  '  ’  »■  V  '  i  '  •  .  1 1  . 


The  node  specified  for  the  DELNET  is  the  UN'D 
(11:87-88).  Currently  available  commercial  node:;  and 
networks  are  too  expensive  and  not  flexible  enough  for  UK'. met 
requirements.  The  UNTO,  however,  offered  several  advant  am.:; . 
Complete  documentation  on  development  and  design  is  aval'  iMe 
and  non-proprietary.  The  use  of  two  Z80  processors  nein'is 
parallel  processing,  minimizino  throughput  and  respons  -  time 
delays.  Finally,  a  high  level  language,  PL/Z,  and  a  software 
development  system,  ^CZ  I/?'',  are  in  place  and  avaPabi,  •  ..r 
further  development. 

The  transmission  medium  selected  lor  the  VMM, NET  include 
both  local  and  network  channels  (11:88-89).  A1.!  local 

channels  will  use  twisted  oairs.  One  network  'ink  between 
two  UNIDs  will  use  a  fiber  optic  communication  channel. 

Fig  2-2  shows  the  initial  DELNE'!'  i  mo1  omenta  I  i  on  w  ’  <  h  o  1 
the  components  discussed  at>ove. 

UH1D  DssIud  Siunmary 

With  the  DELNET  design  complete,  attention  turned  '  ■>  '  • 
design  of  the  UN  ID.  The  basic  design  of  the  device  i  nv-.  •  • 
two  Z80  microprocessor  boards  which  share  a  32K  b't--c' 

static  RAM  memory.  Access  to  shared  memory  is  ’himi.r  . ■  > i 
arbitrator  circuit  ( 1  :  i‘n  <  n  i  '  h«-  memory  board.  M'he  111  n 

interface  to  users  d '  >.  and  can  ’  id  t-r4  ace  w  1  '  ’■ 
communications  network  th  f  omm  ’<>cal  cards  and  netwoi 

The  I  oc.-i 1  ca  r  d  u  t  oy  ’  ( b  •  : ,  t  h •  •  m* ■  a  n s  1  <  ■  I  id  •  ■  r  1  i  <  • 
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Fig  2-2  Proposed  DKLNRT  Conf  iguration. 
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The  network  card  was  designed  around  f  ?  t » -  ZBO-SIO,  urnce  'hi. 
SIO  provided  significant,  capability  i  ><i  infer  facMm  w  i  t  f 
different  network  protocol  r>.  '’Vo  network  cards  would  bp 
in  a  device  .if  the  UNTO  was  to  act:  us  ,m  int.er-rinu  i  nfei  * 
mode.  Fig  2-3  shows  the*  b'<»uk  dt.iorai".  of  t  !.c  h'i",, 

LINU?  IiRPlfiipeiLtd.tii?n. 

before  a  useable  form  of  the  i  »'•:»,  pem  con !  <'  ' ..  •  b'i  '•  ,  .a 
least  two  operational  were  net-dec'.  ''’he.up  " 

shown  in  Flu  2-2,  were  tun-d  to  form  u  le.cd  r<  ■  * 
spanning  tree  (MST)  *  network  .  In  this,  c.u,.  ,  tie 
S' mole  ruio  network  de<u-n  ■  *  <  ,.  t<.  u  phu'.  i;.d. 


two  nodes  1 2 9  :  i  7  1  -  1  1  •  )  .  •  >•  com  u.-,  "ip,-  ,-p 


networks  can  be 
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Fig  2-3  UNID  Block  Diagram. 

shown  in  Fig  2-1.  But,  the  MET  approach  requires  a  minimum 
of  hardware  to  build  a  useable  network. 

A  UNID  prototype  was  completed  by  the  end  of  '.OhO  |M  , 
Since  there  was  only  one  device,  no  .ica!  riesi  griaH  on  was 

assigned  to  it  at  that  time.  This  device,  however,  did  not 
meet  the  original  design  requirements.  Spe-oi  f  i  ca  U  y ,  HN1P 
memory  still  needed  to  be  expanded  to  6*iK  bytes  arid  two 
additional  I/O  ports  added.  The  next  ye at  saw  these  design 
requirements  satisfied,  a  second  ntirn  const  i  noted  n/',  ami 
numbers  assigned.  The  first  ftNTD  bui.lt;  was  d  cna  t  <  i '  ..  i 

and  each  of  its  cards  were  assigned  the  number  i ,  n, 
Local  Card  1  and  Network  Processor  1  .  The  seco>  1  .  ■ .  . 

completed  was  assigned  the  number  2.  such  as  thds'<.f'  >  ■ 
cind  Local  Processor  .  The  two  "n,r»s  are  identdoa' 
other  except  i  n  niiri"i  tM1  desi . .mm  ♦  ’  on .  The’ i  t< 
tioards  are  i  nt  erchanm-ah1 1  . '  *  hone*.  ,.m  . , «  t  «  n»r>l  1 

keen  each  IPJlPs  .intent  •  t  y .  .fee  »•• » « i  A-  ’  ,  «'•»>»  herbo.;  i  .• 
tor  what  Ca  I  ds  and  !  /'  ■  iml  '  . :  •  ;  •  '  e  f :  I  I  , 


a  simple  network  was  formed,  a  few  problem  areas  had  *•«. 
eliminated.  The  numerous  quantity  of  dynamic  RAM  chins  n 
in  the  system  memory  produced  transient  signals  caused  !<y  t  he 
continual  refresh.  This  nroblem  was  corrected  l>y  ssiiu; 

static  RAM  chips.  This  also  eliminated  the  associ  n 

circuit  coupling  and  switching  noise  due  to  the  wire-  wrens. 
The  details  of  these  improvements  are  presented  in  rh.im.vr 
III. 

This  ongoing  investigation  relies  on  proper 
documentation  to  provide  a  clear  understanding  of  past  work 
and  future  needs.  Thus,  an  inmortant  part  of  this  report  wm; 
complete  documentation  of  current  hardware.  'He: 

documentation  includes  various  schema  i  i  cs ,  test  0'.sn|i 
layout  charts,  and  wire  wrap  lists.  This  i  n  1  or  mu  *  '■  <  >  r  i  1  ; 
found  in  the  Appendici.es, 

Summitry 

This  chapter  summarized  the  requirement:;  and  do.-ien-  •  «.r 
the  UNTD  anti  DRhNET.  These  represent  the  constraint  o1 
on  this  investigation.  These  summaries  were  fo1  ’ow<  1  :  1 

and  DEL NET  design  i  mpi  ement  a •  j  on  and  *-va  1  ua *. i  on:  uc  ■  <•■ 

during  this  investigation. 


hi.  I2UID  imiilfiiPjerUition  Modifications 


This  chapter  details  the  i  mpl  ementat  i  on  i 
modifications  of  the  two  UNIDs  completed  during  i  ii 

investigation.  As  mentioned  earlier,  there  was  no  (.jiCM.it 
UNID  available  at  the  beginning  of  t.his  thesis  effort  duo 
IC  failures.  The  work  accomplished  to  obtain  such  a  'mu, 
discussed.  Next,  the  design  and  construction  of  a  sy.d 
memory  card  is  described.  This  led  to  the  desicn  .1 
construction  of  two  memory  boards  which  consist  >m 
system  and  shared  memory.  That  work  is  described  >n  '  , 
chapter . 

Eowex  Supply 

Eventually,  each  UNID  will  be  powered  by  a  sw  ’  '  .  h  i 
power  supply,  the  Power/Mato  ESM-200-4001 ,  rated  at 
(1R,  17:27).  One  power  supidy  was  received;  unf  or  tuna  '  <• '  ■- , 
had  no  power  cables.  An  A/d  nowor  cord,  connected  i-t 

switch,  fuse,  and  indicator  Hoht  was  attached  to  the 
supply.  The  four  voltaoes  1  t -5VDO, -AVDC ,  +  1  2  VV>C ,  - 1  >«  ■■ 

ground  were  then  connected  *;o  "N’D  1.  with  the  ’oca' 
grounded,  each  time  t  he  oow*m  sumfly  was  turned  on,  '  h. 
would  go  to  zero.  It  was  «V  f  »m  m  i  ned  that-  the  onw»  »  . 

was  switching  intermittently.  ,nheref<>?  e,  it  was  m!"i  , 
a  replacement  power  suni.'y  oidered.  Tn  t  ti « »  mean  '  , 

UNID  was  powered  by  a  ’  a'.i.t  .d  ;>•  v  sower  smx.'y.  *'■> 
Electronics '  Model  m*,o_  i  o  -  m*  n<>wei  suuidy  was  usee  '  •• 
s  ’  rice  ,  i  ♦  was  the  on'  v  .e.  .  :  '  ■ 1  ■ '  ,  •  su  i  -  o'  y  w  ’  '  h  ■ 


capacity.  The  three-section  Powertec  Model  6C100n  power 
supply  was  used  to  supply  the  other  three  voltages. 

The  laboratory  power  supplies  provided  good  regulation 
with  essentially  noise  free  power.  An  important  feature  <>! 
these  two  power  supplies  is  their  isolated  DC  grounds. 
isolation  prevents  AC  ripple  and  simi.lar  coup1  nig 
interference  reaching  the  VNTD.  All  DC  grounds  were  »»  ra?>nei? 
together  at  the  power  supplies  to  further  limit  power  iihim/1 
interference.  If  different  power  supplies  are  suhst  >  t  1,1  i , 
care  must  be  used  to  insure  they  are  noise  free  and  hove 
isolated  DC  grounds.  The  replacement  Power/Mate  power  ‘i'lnn’  •< 
was  received;  it  was  conf  inured  as  the  first  and  reconmei-d 
to  a  UNID. 

UHID.  UpdiLte 

At  the  start  of  this  .investigation,  neither 

working  on  the  local  or  the  network  side.  Dince  each  . 

components  are  interchangeable  (although  numbo •  ■ 
previously  mentioned),  an  operable  MNTD  was  obtained  •>:.  <■■■> 
CNTD  2  Motherboard,  MOR  bora1  I'roccssor  Card  1,  Shared  , 

Card  1  and  Local  Card  i.  This  PNTD  was  only  can. ,  ■ 
filling  and  reading  shared  memory  using  a  local  moni  <•«.<•  . 
would  not  al  low  shared  »nt -n*< •  t  y  *  o  '■  ]  ed  fron*  *  h<  "c 

to  an  improper  bit  partem  'u.-'  nu  t  imh:  ..Hded  t  ,,  t  t...  eg-  wi  , 
requesting  a  program  tr.ii:d<r.  mp/  i|idie,i'<d  «  h.p  d..*,. 

bit  2  was  a  constant  hioh.  "".d  when  >  <  .  i  -.d  um  *  ‘ • 

transfer  <>t  nr  noram  '''. '  .  i  '■  1  "»■  •  *o  •  . 


T.DEM07.  This  was  due  to  a  failed  data  driver  chip  on  *  he 
shared  memory  cards.  One  driver  chip  on  each  of  the  shared 
memory  cards  had  failed.  Replacement  of  these  chips  o;ivo  t  ho 
UNID  two  operable  shared  memory  cards  when  a  local  muni  tor 
was  used. 

After  the  defective  shared  memory  cards  were  fixed,  MCu 
Local  Processor  Card  1,  Shared  Memory  Card  1,  and  Loca1  < '.-i t. , 1 
1  were  placed  into  UNIT)  3  cage.  This  conf  igur  ati  or  v/orfed 
properly. 

When  attempting  to  operate  the  MCB  Network  l)n.iv..!;i.i 
cards  with  a  network  monitor,  the  .  *  cal  processor  card  was 
not  installed.  This  was  due  to  the  fact  that  bo'h  processor 
boards  were  supposed  to  be  identical.  Tn  this  configuration, 
with  only  a  network  processor  and  shared  memory  cni«( 
installed,  the  UNID  would  not  work.  This  was  bec<ies<  Ho 
network  processor  had  its  syst  em  clock  d i  sconned  ed  an-’1  was 
using  the  local  processors'  c’ock  routed  through  an  < 
on  the  shared  memory  board.  After  this  was  d';i<>  .  ..■ 

(shared  memory  card  installed  for  network  side  to  up  , 

the  UNID  had  operable  MCB  Coca1  and  letwork  Processor  ( 

Shared  Memory  cards,  and  Local  and  Network  cards. 

Const!  '.ic.ti qp  Qt  the  System  mch>oj.y  Card 

System  Memory  Card  !  w,r;  core;*  nir'  ed  on  a  con  . 

Carry  wire  wrap  card  wi'h  tvrta'n  mod  i  f  i  ca  t  i  ore. .  -  1  . 

each  board  contained  . . .  mm.-c  to*  *  h » :•  '• 

sockets,  each  system  iiiefinr  v  ‘  o.i  r «'  i  i«-.  :  •  • 

An  ex'  en*;<  on  ■  or  ear1  1 
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edge.  The  IC  sockets  for  the  network  portion  of  memory  wore 
installed  and  glued  into  place. 

System  memory,  built  from  static  RAM  JO s,  requir*-. 
and  DC  ground  (8).  The  component  surface  of  each  board  ’ 
connected  to  ground  and  physically  connected  to  pin  8  o<  «cc*i 
16-pin  socket.  Where  a  14-pin  socket  was  used,  pi"  >>  w.i.\> 
wire  wrapped  to  pin  7  to  orovide  ground.  ,nhe  w'  r.-wi  ap 
surface  is  likewise  connected  to  +5VOC  and  connect*1!  t  <>  wn 
16  of  each  16-pin  socket.  The  system  memory  card  coid  *■  i 
all  control  logic  and  memory  TCs  necessary  for  operation. 

Design  .of  the  fernery  C aids 

After  building  and  testing  the  new  system  memory  'm.itd 
it  was  discovered  that  when  the  boundaries  between  »»*•<•„•<•;  :.t.i  , 

system,  and  shared  memories  were  crossed,  such  as  . 

memory  from  1000(H)  to  PPPP(P)  ,  the  system  m<  y 

unreliable.  The  reason  was  that  the  two  separate  >.  i  -  • 
(system  and  shared)  used  two  dif  i.«  ;  = address  decoder s  *  o 

select  the  individual  memory  chips.  ••'or  this  reason,  it  was 
decided  to  design  a  new  memory  t>oar<J  which  won1*!  replace  tot.!: 
the  system  memory  board  and  the  shared  memory  board  amt  use 
the  new  ftK  X  8  static  RAM  ch  ;  ■  "'he  mv  <•«•::  !en  >  moot  not  a '  «  «t 

the  control  and  Ionic  nr  t  s.  •*. *!•:.  *  1 it1!.. 

Construct  i  on  pf  ,th  *.•  Mv!i  oj  y  •  af.'v 

Mt.p.,or  y  care’s  1  .-.no  ;>  were  nin::' .  r » i « •  *  *  -  * 1  ;m  •'  i  .  * 

uyr>*  c*m  memo?  y  card.  .  '•■we*  *  .•*>.•  *  * . . .  t  •  • 

The  on1  v  i”  t  fcr^nci*  f  i  m  '’•*•  or  *  »■  1  oms  «•*■■,  * 

i  n r  *  on  1 ..  i . •  >' : 1  '  1 1  r . .  • .  •  •  *  « a  •  '  ' .  •  • 
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large  enough  to  hold  3even  memory  70s.  Memory  cards  1  2 

function  identical  and  are  completely  interchangeable. 

The  memory  board  was  wire  wranped  after  the  MiHi.i' 
design  of  the  memory  card  was  completed  and  a  v/o*  k  '  no 
schematic  was  available.  The  first  wire  wrapped  hoajd  <(;«< 
not  work  properly,  as  wi1 1  he  explained  in  Chapter  TV,  "h<i‘ 
Testing.  A  second  schematic  was  drawn  based  o"  h> 
testing.  Using  this  schematic  (see  Appendix  R)  ,  a  wH.  1  •  i 
program  was  generated  and  a  second  memory  board  was  o  (■ 
wrapped  in  accordance  with  Hi  is  program.  The  progr  .s«  o.b 

wire  list  are  shown  in  Apnendix  C.  Based  on  the  r 1 ; i i 1  *  . >  •  * 
this  second  board  testing  and  the  wire  list,  the  first  <■•<•,...  .t  y 
board  was  disassembled  and  rewired. 

The  memory  card  contains  all  control  logic  and  m. 

TCs  necessary  for  operation.  Appendix  A  shows  the  !C  ’  •  < m 

for  the  card.  The  top  seven  20-oi n  chins  are  network  sy.t.  v 
memory  (2000(H)  to  7PPP(h)'  and  shored  memory  '!)  ♦  o 

PPPP(’I)).  Below  these  are  the  1'hree  local.  system  memory 
chips  (2000(f))  to  7  PPP  («:)  >  .  Th«?  r  •  •  s  o*:  the  chips  on  f  Im. 
board  are  for  control. 

S 'jimmy 

This  chanter  provider4  a  (hscr  » t  »».«<•• »  <•’  1  hi  co>.  •••  •  •  • 

0f  the  "Mf'  memory  care's.  "’he  chnnHr  a '  so  «'«  c.c  '  ‘ 
supply  reoui  i  ements .  Tn  Th(intri  '  V,  the  *'<•;,  hm  cs. 
ha  r dwa  re  d  i  f  t:  i  hi  1  *■  i  •  •  s  w  '  1  1  1 » •  < 1 1  : : c ; ■ ; ;  •  •< f  ’  < .  .  c . 
th  e  mi rP  t  i  rill . 
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The  final  portion  of  this  thesis  i  nvesti  ga  tion  inv'v.  .1 

hardware  testing  the  I'Nff)  and,  in  particular,  the  new  . . .  y 

cards.  UNTO  testing  was  necessary  in  the  beginning  do.  * . . 

operable  system.  MhTTn  testing  involved  validation  or  w  ':i  i 
on  the  motherboards  arid  a1  ’  can's,  functional  log’c  ♦- 
functional  memory  tests,  and  local  card  tests.  The  '  n  •  '  y 
of  the  time  was  soent  on  testing  the  new  memory  c.iid  . 
Hardware  problems  encountered  are  discussed  along  wit*'  1  h  1  t 
corrective  actions.  Ai  i  testing  was  accoii'p1  i  1 

accordance  with  previous  theses  (S,l,i7). 

IM ID  Tei3.tj.ng  Methods 

The  tests  used  to  verify  t'NTO  operation  were  .-;t  i  no. -m  .  . 
primarily  as  incremental  bottoin-ep  !  'hi,  Th  ’  s  nit;  f  hod  w.m 
chosen  for  its  sever  a’  advantages  «.n  identd  tying  emu;. 
Once  the  initial  components  an;  checked,  any  new  im  mu 
encountered  are  often  cans*-. 1  bv  id  1  'nr  an  error  »  n  t  he  new  '  v 


added  component. 

or 

an  ci  ri  i  1  i •  '  ’ ' •  •  1 

»i  *  *  •  r 

.it;*  >  i  a  i  w  ’ 

component.  Also, 

the 

mods  ’ii'  i '  v  o' 

♦  »»* 

oriii  |, 

incremental  approach 

I'M  t  t  ’  Cl  !  u  r  t  y  at* 

t  .»(*• 

*  Vy  «  •  !•’  i  • 

of  the  testing  can  t>*  ,i<  :copir>i  i  shed  w' *  hoot  i 

involved  hardware  or  software  sononrt  . 


'"ho 
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of  card  operation.  At  *he  outset  of  this  invest  i  oa*  •  on, 
there  was  no  operable  '.tMlD.  With  this  in  mind  and  necina  < 
starting  point,  all  cards  were  first  given  a  power-off  , 

The  next  tests  were  power-on  checks  without  T(’s.  ‘Mi’  - .  w.i: 
followed  by  power-on  checks  with  JCs  added.  As  esc*'  w.;ii 
passed  its  checks  another  card  was  added.  The  to’ 
sections  describe  each  major  area  of  testing  and  disc:.: 
results. 

J&dsn-silLJL  luiLtlna 

Each  board  used  in  the  PNTIj  was  checked  for  corieet 
wiring.  This  check  was  acc.u'ij.'  i  shed  v/hen  i*  was  d ;  .•;cove  i  i  <. 
tha*"  the  "NTH  was  Mol  opfi.din.i  a  *•  the  ben  ’  l>l«  '  n<'  o'  ' 
investi  gation.  A3  though  the:.,  i .. . ; -•  t  ••  t  m i ;  m  v  •  ,  *  ? •  • . 
did  not  detect  any  wirinu  «*r  1 1  i  c  :  d  «  nsni  «•  i  v..e 

not  applied  directly  to  ground  and  va’idaied  th.it 
were  routed  to  the  cor  retd.  n»us.  Tin's  cheek  also  ' 
learning  what  signals  wen-  <>n  e«tcli  bmitd  and  huw  '•  ■ 
oner  cited . 

Very  simple  methods  wet*;  used  «  o  va’  i  da  *  e  v:  ’  • 

Tn  sori'e  cases,  the  wi  rhio  wj;:  visua*  ’  y  ch.i,':..t! . 
the  w  i  ring  densi  ty  was  too  tit  «•.. '  und  a  V'V”  1 

check  continuity  between  rdns. 

P.0  Will”.  OD  To.v  Ling 

T!i  1  ■  next  series  *>■  were  the  wow.'  m 

installed  cliips.  r  v'"V'’  w  e:  used  n.  v  ■'  ’<  '  ' 

VO1  taut  at  the  ntoner  phi'  . 

'>'* (*•  M  ’ •  v/f  ’  u  '  *  1 1  1 '  •  1  '  •  ,  1  1  h  <  ■  i\ •  1  ' 1  ■  '  1 1  1 1 
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UNID ,  adding  one  card  at  a  time  and  checking  it  before  »he 
next  card  was  added.  Each  card  was  checked  for  excessive 

heating  when  power  was  applied, 

Functional  Testing 

Once  the  majority  ot  wiring  errors  and  faulty  His  wei . 
detected,  each  circuit  card  was  tested  to  insure  funet  ’  o  ut  ’ 
operation.  The  following  sections  describe  this  f. unci1  one1 
testing  for  each  circuit  card.  The  sequence  of  the  fo’h'WM'.i 
sections  is  the  order  in  wh'eh  the  cards  were  tested. 

Local  PxojCossqjl  Caxd  Ttyting 

The  local  processor  cards  were  functionally  teste. 
installing  them  in  the  card  rage,  connecting  *vV  *  -  •<  1 

circuitry,  and  attaching  an  ATv-3  terminal  as  ih.  • 
processor  monitor  termina1.  't’hese  cards  contained  e*>  '  •  ■  " 
monitor  programmed  during  an  earlier  thesis  M).  The 
also  contained  4K  bytes  of  dynamic  EAM.  The 

testing  involved  resetting  the  processor  card  and  •  •>•-  <•  ■  *  1 

the  various  commands  in  the  monitor  { J  : 1  6}  .  "» ■  ••  : 

operation  of  these  commands  was  considered  yu*  ■  d 
evidence  that  the  processor  was  operating  correct 1 v .  < 

stringent  testing,  such  a;  at- •emoting  to  move  and  1  oa. 1  d.i  t  , 
was  accomplished  as  cards  w<-r  e  d-  • !  o  the  "Min  4?n.  •  1  .  . 
orocessor  tasks  became  mor*-  oo'Md*-x.  l-’or  exanud*  ,  us  <  no  *•■< 
T.OAD  command  with  the  1  mv  1  -  ui  rd  ins*  a1  ltd  not  on  •  v  *<•.’.! 
the  on-card  memory,  bn*-  .  1  :.o  ■  u  *  t- ;  a 1  i  •/«•.’  •  n.  "r  , 

estate1  ished  t’i e  or  1  ot  1  ♦  v  '  r ■  •  . •  •  >  1 1 <  .*  •• ,  t  t * , t  •  . ,  .  i  •< • .  . • , 

Each  fbeye  f-'nnft  4  on*  ,  .  ',y  *  >  (..  ■'  . .  , 


must  perform  correctly  be* ore  a  file  can  be  1 
Successfully  loading  data  into  memory  was,  therefor*  , 


(Mi 


as  an  indication  that  the  1  oca 1  processor  fum  '  ;  on.  . 
properly. 

Shared  Memory  Caret  Tesi.tApy 

The  next  cards  tested  were  the  shared  memory  e*.  < 
bach  local  monitor  nr  ores  so  v  command  was  reinitiated,  ' 
time  executing  the  commands  within  the  boundaries  o'  1  < 
memory  on  the  shared  memory  cards.  The  shared  memo*  v 
filled  entirely  with  no  ftp.  then,  the  entire  iv  t r  .  • 
displayed.  This  f  ’  i  1  -d  J  <  id  rty  rout  i  no  was  rei>ea*<  ‘ 

different  hexideci  ma 1  rh.i  r  ar^cr  s  unti  .1  at  '  memory 
were  switched  from  zero  to  one  to  zero.  bach  time  c.  • 
was  to  be  a  zero,  a  one  was  d’.-udayed.  This  indi  <\« 1  : 
to  the  data  driver  ch  •  m;  on  t  tie  shared  memory  bn.**.  . 
chip  driving  the  network  s  *  do  o’"  sharp'd  memory  had  1  :  ■  '  • 
was  holdinei  that:  bit  h’gh  :n  memory.  A  similar  mob', 
encountered,  with  bo<-h  shared  memory  boards  mu1  : 

S  i  m  i  .1  a  n  1  y .  A*  ter  trnbiiuii"  ’to-  « ,  .t  b1  (i,  , 

moved  sever  a1  times  t  r « ••••  on*:  toe-1  ion  •  <.  ,n  ','b  v  •  •  >  •  • 
shared  memory,  then  d  >  .«•  oi  <iy«-d .  i-’mm'  '  y ,  a  s' rede  'do.  '  <  .  '  • 

locations!  of  da  ♦  a  wi  •  '  sha  i  «•<'  m*-m«>r  y  o.i .  d  <  •  < 

r  hip  a  ♦.  ed  ’  y  .  es.e  t  h  I  \i>\  <  .  ' 

the  basic  o»>.-r  at  i  on  and  do  •  •  •**•'*  •  • 

Network  bxo'dd'  sor  Ca»  d  ".Vv* 

Af"  t  e  r  *  be  1  or,-  1  or .  a  .  o  .  •  s ■■ :  ’  «  :  i  . 

f  f-  *:  •  ,-.d  .  •  i  d  ; ,  i ,,  •  r  a  *  ;  r  .  ■ ,  ‘  ,  <  ' .  •  ■  i 
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installed.  As  stated  previously,  this  hoard  w.n 
similarly  to  the  local  processor  card..  The  only  O' 
between  the  two  cards  is  that  the  ne  twork  processor  i 
no  clock  and  needs  the  local  processor  card  inst.'!  ’  < 
previous  thesis  discovered  the  ’oca1  and  network  <•* 
cards  would  operate  together  without  interfering 
network  clock  was  disabled,  using  ; nstead  the  invar* < 
from  the  local  processor  card  tr>:M-6Sl.  This  inver'< 
was  obtained  by  wiring  the  dock  S' ana’  rrom  *  h< 
processor  card  throuoh  an  inverter  on  the  nhnwi  mem* 
and  back  to  the  clock  circuit  un  ♦  he  network  or  oce:  v.<  .1 
With  the  pro{>ei  hoards  insha|,ed,  tht;  terminal  iiion>  '  « 
described  in  the  Loca1  Processor  Card  Testing  sect  ■  • 
reoeated  for  the  network  processor  card.  "" 
fill-display  routines  in  the  Shared  Memory  Card 
section  were  performed  on  the  network  processor  <■,. 
finally,  the  three  cards  were  tested  together .  Th  > : 
filling  a  portion  of  the  local  processor's  on-card 
moving  that  block  into  s’nrod  memory  am1  then  mov 
same  block  into  the  network  nrocessor's  on-card  1,1 
the  network  processor  non ’'or  .  "’ho  end  to  ted  \ 
reversed,  start  i  no  w  •  <  4  *>»•  no’ work  m  iicem.in  '  • 

memory  am'  end’  no  w  i  '  'ho  in  no-:.:  n'  o: 

r’"  1 » *  semrence  war;  rene.d<c  n:  'no  .■«•■.  1  ;  1  ,r  0,1*'*  'o. 

d’  f  f  crept  mornorv  1  oc^  '  ’  . 


Local  Caxd  Testing 

The  local  card  was  added  to  the  UNT')  when 

> 

series  of  tests  were  comp1  eted  .  A  data  file  on  d '  ;;k  •  n  the 
MCZ  was  attempted  to  he  1  oaded  into  the  Ph'lP  thronea  ‘ 

Channel  1  using  the  load  command.  The  file  was  no. •<■ 
load  due  to  the  shared  memory  card's  T~  faPures  an  <  »  .■<<’ 
in  Chapter  TTT,  UNTO  Update.  Att-cr  correct  i  ng  the  01  o' , 1  «-m  , 
the  file's  contents  and  1  <><_v  *  ’  "ii  were  val  i  da  ter'  v’sndl  'y. 

fiy.S.tW'  ^£T'QJ  Y  QiXL<?  Tyy  Hon  ' 

"'he  t e s t. i n q  of  this  ho.i  r  d  was  aeooiin  ■>  i  shed  ui;  out  1  •  n *-« * 
in  the  beginning  of  this  dwint  .-i  .  "'ho  oro'di-m  <>t  uni  1  1  . 

data  due  to  boundary  cross ;  no  has  be*-n  fhs'i'sscl  in  ’h."*,  , 
IT  I,  This  led  to  the  desion  of  a  combined  memory  bon  ■ 

Memory  Card  Tooting 

The  memory  card  would  no'  operate  proper1'/  v/h •  ■ 
after  construction.  Man ’ca  '  1  y ,  three  d.i  *'  f  e  r  erd  *  ■  ■  •  - 

problems  were  found  on  th'1:  card;  'aul  ty  design,  hj'i1  1  ■ 
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XSFL  and  a  YSFL  depending  on  wh 1  eh  processor  :  m 

arrived  first.  The  nresen*  investigation  NORed  XA1’, 
and  XA15  together  and  NORed  Y  A 1  2 ,  YA1  4 ,  and  YA15  ‘no.  '  s 
(see  Fig  B-2)  .  Tills  was  accomplished  to  create  an  v'"'1 
YSFL  whenever  a  memory  location  of  2000(F)  and  aho.««- 
selected  either  on  the  local  side  or  the  network  k'.v. 
XSFL  and  YSFL  signals  are  nsed  to  enable  the  addle:  ■. 
multiplexers.  The  yvyuo  an*1  YVRKQ  were  used  to  se 1  •*<  ‘ 
data  line  bi-directional  bus  drivers. 

The  local  system  mommy  portion  of  the  memory  be.i  ■  o 
com  pic*  ted  first  and  t  es*  *•«!  !n  at  •  dance  w’th  »>r  ev  >oin. 
discussed  testing  methods.  *•**»  i  s  port  ..on  of  the  board  pass- 
all  tests.  The  next  portion  or  the  board  to  ho  comp! 'ted  w 
shared  memory.  When  the;  nor  t  ion  was  It  sled,  it  w. 

discovered  that  both  the  1  no.*  '  sys*  em  <un!  shared  menu  a  y  t. 
drivers  were  being  enab’.v  the  same  '  '  ih  \/heu  t  i  y  u,.! 
read  local  system  memory.  "''Os  was  causino  a  cent  'ic  <.-• 
dat-a  lines.  't'o  alleviate  *h's  modem,  first,  'lie 
lines  were  separated  so  '  hat  each  sect  i  on  {  1  ocv  '  ,  ■ 

and  shared)  had  its  own  ded’ca'ed  1  is  *s.  "'!n*n  Y's 

weet-  each  *  .'AN  tied  w''h  YF  and  X*:F',f  resoect  i  ve  '  y  , 

the  network  a  nr'  1  oca  1  •  ,h .  •  i  <  < '  «’.<  *  a  bus  d  i  i  v  >  ■  i  : :  i  . 
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because  the  same  chip  select  line  (C'.:-XY2000 ,  CK-XY4  00O  and 
CE-XY6000)  was  being  used  to  enable  each  data  bus  driver. 
The  only  difference  between  the  two  was  that  each  had  ’ ts  own 
read  and  write  signals  (X’O,  Y!’T>,  YWh)  tor  PihN  (Put i  n 

Enable  Direction  control!.  To  correct  this  problem,  the 
three  chip  select  lines  were  NANDed  together  to  cre..t«  Me 
chip  select  signal,  CE-XY,  wh.^ch  was  then  MANDed  with  > 

XS  Eh  or  YSET.  depending  on  which  portion  of:  the  boa , ■./  , 
addressed.  Mow  the  individual  portions  of  the  .  ,M  ■: 

worked  correctly. 

Iniegr aiid  circuit  fiiu.lt a 

An  TC  fault  occurs  if  a  eh  i  g  rai  ’  s  to  perform  av  e..i  •  ■  on 
to  its  truth  table  or  sneeif’ed  function.  Tyuiea1  '  *» .  , 
fau?  t,  where  the  output  remains  high  under  all  cond i !  > . a, :  , 
corrected  easily.  '’’he  ch  i  o  is  s’mo’y  removei!  and 
A  fault  where  the  out  out  remains  low  under  •'  1  cond ;  t  >  <.< 
more  difficult  to  idenh’fy.  A  '  ow  cond’ t>  on  fan1 1 
caused  by  an  internal  .short,  an  external  shot  '  , 
internal  short  in  the  next  stane.  t'ne  ef  tec*-  i  ve  a.  '  •  • 
determine  an  TC  f  aid  f  ’nvo'ves  r  emov  ’  no  an<*  »fi  d  ■ 

A  suspected  faulty  Tr  ’  s  r  .  moy  d  a  nd  ruihnvi1  by  a  • 
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wiring. 

After  redesigning  the  data  bus  drivers  of  the  system 
memories,  it  was  discovered  that  when  the  local  monitor  was 
used  to  fill  shared  memory  with  00(H)  and  read,  it  displayed 
00(H);  but,  when  the  network  monitor  was  used  to  fill  shared 
memory  with  00(H)  and  read,  it  displayed  40(H).  Data  line 
DQ6  (pin  18)  of  the  shared  memory  chips  was  only  high  when 
filled  by  the  network  monitor.  When  the  network  shared 
memory  data  bus  drivers  were  removed,  the  shared  memory 
worked  fine.  These  two  chips  were  then  reversed  and  returned 
to  their  sockets.  The  result,  when  again  filling  with  00(H), 
was  a  displayed  04(H).  The  original  data  bus  driver  for  line 
DQ6  was  replaced  with  a  good  chip  and  the  circuit  functioned 
correctly. 

While  testing  the  new  memory  board,  the  local  processor 
card  failed.  The  only  indication  was  that  the  local  monitor 
would  not  reset.  After  checking  the  address  lines  and  their 
associated  chips,  the  data  lines  and  their  associated  chips, 
and  the  EPROMs,  it  was  discovered  that  one  of  the  EPROMs  had 
failed.  This  discovery  was  made  by  replacement  with  known 
good  chips.  The  problem  was  not  eliminated.  A  logic 
analyzer,  in  the  memory  map  mode,  attached  to  the  CPU's 
address  lines  showed  that  the  monitor  program  in  the  EPROMs 
was  randomly  addressing  all  of  memory  instead  of  remain  in  a 
tight  loop  waiting  for  an  interrupt.  This  indication  led  to 
the  stack  pointer.  The  memory  location  of  the  stack  point  is 
resident  in  RAM,  so  the  memory  chips  were  replaced  one  by  one 
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to  determine  if  they  were  causing  the  problem.  These  were 
the  only  chips  on  the  board  which  had  not  been  examined.  One 
chip  had  failed.  It  was  removed  and  replaced  with  a  good 
memory  chip  and  the  processor  board  then  worked  properly. 

Memory  Timing  Faults 

After  the  above  faults  were  detected  and  corrected,  the 
new  memory  card  still  failed  to  operate  properly.  The 
network  system  memory  and  the  shared  memory  each  worked 
correctly,  but,  the  local  system  memory  did  not.  During  fill 
and  display  memory  operations,  a  set  pattern  of  unchanged 
data  always  occurred.  The  local  and  network  sides  were 
designed  and  wired  similarly,  but  the  local  side  would  not 
create  a  chip  select  to  any  of  its  memory  chips.  All  wiring 
and  chips  were  checked  and  found  to  be  proper.  A  chip  select 
was  forced  by  routing  the  CE-XY2000  signal  to  local  memory 
chip  G1 .  This  allowed  the  chip  to  operate  but  resulted  in 
the  same  design  problem  as  before  (local  and  network  memory 
being  selected  at  the  same  time) .  The  forcing  of  a  chip 
select  signal  to  G1  by-passed  the  ORing  of  CE-XY2000  and 
XSEL.  This  indicated  a  timing  problem.  These  two  signals 
were  routed  not  from  their  sources  but  from  other  pins  of  the 
same  signals.  To  ease  the  timing  problem,  the  two  signals 
were  routed  to  the  OR  gate  from  their  respective  sources. 
This  helped,  but  some  unreliability  in  memory  remained.  A 
faster  OR  gate  chip  (74S32)  was  then  used  and  the  circuit 
worked  perfectly. 
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unid  Testing 
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Once  the  memory  card  was  found  to  be  working  by 
performing  the  simple  monitor  commands,  a  test  program 
( L. VINT)  was  loaded  into  local  system  memory  from  the  MCZ  and 
run  successfully.  Then,  the  same  program  was  moved  into 
network  system  memory  and  run  successfully.  When  this 
program  was  attempted  to  run  in  both  local  and  network  system 
memories  simultaneously,  only  one  side  would  run.  Whichever 
memory  (local  or  network)  was  started  first  would  run  until 
the  other  was  started  and  then  the  first  would  stop.  Not 
only  would  it  stop,  but  the  contents  of  its  memory  locations 
would  be  changed.  Also,  while  running  this  program  on  the 
network  side,  the  local  side  was  loaded  again  from  the  MCZ. 
Loading  caused  noise  interference  to  occur  on  the  network 
monitor,  and  when  the  network  side  was  then  stopped  and 
attempted  to  be  restarted,  it  would  not  run. 

At  this  point  all  checks  were  again  run  on  the  memory 
card  and  no  errors  were  detected.  This  board  was  wire 
wrapped  in  accordance  with  the  original  design  schematic. 
According  to  that  diagram  and  the  wiring  of  the  board,  the 
local  and  network  sides  were  completely  independent  and 
showed  no  reason  for  interference.  From  the  schematic  a  wire 
list  program  was  completed  which  gave  the  signals  at  each  pin 
and  the  routing  of  all  wires.  The  board  was  then  compared  to 
the  wire  list  and  no  discrepancies  were  detected.  Since 
there  seemed  to  be  no  differences  between  the  board,  the 
schematic,  and  the  wire  listing,  and  no  faulty  ICs  could  be 


36 


detected,  it  was  decided  to  go  ahead  and  construct  a  second 
memory  card  in  accordance  with  only  the  wire  list  program. 
When  this  second  board  was  completed  and  tested  it  also  had  a 
timing  problem  as  mentioned  earlier.  The  problem  was 
corrected  with  the  previously  stated  modification  to  the  wire 
list  (see  Appendix  C) .  The  same  program  was  then  loaded  into 
both  sides  of  this  board  and  attempted  to  run  simultaneously. 
No  interference  was  discovered  and  both  sides  ran 

independently.  The  first  memory  board  constructed  was  then 
rewrapped  in  accordance  with  the  wire  list.  Then,  it  was 
tested,  as  previously  stated,  and  found  to  operate  properly. 
Chapter  Summary 

This  chapter  describes  the  testing  performed  on  the 
UNID.  The  testing  scheme  chosen  was  organized  from  the 
bottom-up  and  followed  the  procedures  of  previous  theses 
(1,5,17).  The  type  of  tests  used  were  power-off,  power-on, 
and  functional  tests.  Also  discussed  were  types  of  circuit 


problems  encountered  and  solutions  to  the  same. 


V.  Summary  and  Recommendations 


0 


The  objective  of  this  investigation  was  the  continuation 
of  the  development  of  two  message  processors  (UNIDs) .  This 
involved  the  designing,  constructing,  and  testing  of  a  new 
memory  card.  The  software  used  in  this  thesis  investigation 
either  existed  or  was  developed  by  a  co-investigator  (10) . 
This  chapter  summarizes  the  results  of  this  effort  and 
suggests  areas  for  further  study. 

Unid  Cample tig n 

When  this  investigation  began,  two  UNIDs  were  complete 
but  neither  was  working.  During  this  investigation,  the  two 
prototypes  were  tested  for  faulty  wiring  and  ICs.  All 
discrepancies  found  were  corrected  to  produce  two  operable 
UNIDs.  Completing  the  UNIDs  required  that  a  new  memory  card 
be  constructed  incorporating  the  circuitry  of  local  and 
network  system  memories,  and  shared  memory.  The  memory  card 
was  built  using  new  technology,  8K  X  8,  static  RAM  chips. 
These  memory  chips  allowed  all  80K  of  memory  to  be  built 
using  only  10  memory  chips  and  33  control  and  logic  chips. 

unid  Egfitiua 

Each  UNID  was  tested  using  an  incremental  bottom-up 
routine.  Most  of  the  UNID  testing  was  limited  to  detecting 
IC  faults  inherited  from  previous  theses.  The  remainder  of 
the  time  was  spent  on  testing  the  new  memory  card. 
Functional  testing  of  this  card  revealed  serious  design 
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errors.  These  errors  were  finally  corrected  and  two  operable 
UNIDs  are  now  in  effect. 

Resommendations 

These  recommendations  include  suggestions  from  past 
theses  and  involve  further  hardware  development  for  the  UNID 
and  DELNET.  Implementation  of  the  Z80A  processor  is  still  a 
requirement  of  the  original  design.  This  involves  replacing 
each  Z80  MCB  with  the  faster  Z80A  board.  Unfortunately, 
Zilog  no  longer  produces  a  Z80A  MCB  board.  So,  to  upgrade 
the  UNID  a  processor  board  would  have  to  be  designed  and  wire 
wrapped  incorporating  the  Z80A  CPU  and  associated  circuitry. 
If  a  new  processor  board  was  designed  and  constructed  it 
would  be  able  to  use  the  new  static  RAM  chips  and  eliminate 
the  dynamic  RAMs  now  used  on  the  MCB  boards. 

Also  for  future  investigation  is  the  use  of  a  new  Zilog 
8-bit  micro-processor  chip  which  should  be  available  in  1984 
(25) .  This  Z8108  has  a  multiplexed  address  and  data  bus  to 
reduce  the  package  pin  count  without  sacrificing  performance 
(memory  transactions  still  require  only  three  clock  cycles) . 
In  addition,  design  with  the  Z8108  would  be  easy  because  of 
the  on-chip  oscillator  and  programmable  bus  timing  features. 
The  only  external  element  required  in  the  oscillator  circuit 
is  a  crystal  (whose  frequency  is  twice  the  desired  internal 
frequency) .  This  chip  can  operate  at  speeds  of  6  to  25  MHz 
for  increased  throughput.  The  programmable  bus  timing 
feature  increases  system  throughput.  Control-bit  settings 
allow  the  internal  processor  clock  to  be  scaled  for  external 


bus  accesses  and  wait  states  to  be  automatically  inserted 
during  bus  cycles.  Consequently,  the  user  can  select  very 
high  clock  speeds  to  increase  system  performance  without 
requiring  high-speed  memories  and  I/O  devices. 

Another  recommendation  deals  with  the  network  card.  The 
original  design  goal  for  the  network  data  rate  is  1.5  Mbps. 
The  Z80A-SIO  can  function  at  880  Kbps  in  half  duplex  mode. 
The  desired  rate  could  be  reached  using  the  Signetic's  2652 
Multi-protocol  Communication  Controller  (MPCC)  (20)  .  The 
MPCC  data  rate  is  2  Mbps  and  contains  all  Z80A-SIO  features. 
It  can  also  interface  with  an  8-bit  or  16-bit  data  bus. 
Thus,  this  addition  would  be  compatible  with  16-bit  message 
processors . 

Now  that  there  are  two  operable  UNIDs  having  reliable 
static  memories,  future  investigations  will  be  able  to 
concentrate  more  on  the  development  of  the  DELNET  rather  then 


the  hardware  of  the  UNID, 
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CIRCUIT  CARD  LAYOUTS 


This  appendix  contains  a  collection  of  diagrams  illustrating 
the  IC  layout  for  three  circuit  cards  used  in  the  UNID, 
including  the  motherboard.  The  local  and  network  processor 
cards  are  not  included  here,  but  are  well  documented  in  the 
Z80  MCB  User's  Manual  (27). 
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Figure 

A-l  Motherboard  Layout. 
A-2  Memory  Card  Layout. 
A-3  Local  Card  1  Layout 
A-4  Local  Card  2  Layout 
A- 5  Network  Card  Layout 
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Fig  A-l  Motherboard  Layout. 
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Circuit  Card  Schematics 


This  appendix  contains  the  circuit  schematics  £or  three 
of  the  UNID  circuit  cards,  including  the  motherboard.  The 
circuit  schematics  for  the  local  processor  and  network 
processor  cards  are  contained  in  the  Z80  MCB  User's  Manual 


This  figure  lists  the  wiring  connections  made  on  the 
motherboard  of  UNIDs  1  and  2.  The  head  of  each  column 
corresponds  to  a  connector  cn  the  motherboard.  The  verticle 
column  at  the  left  of  the  figure  lists  the  particular  signals 
being  described.  The  numbers  in  the  figure  represent  the 
wire  wrap  pin  numbers  where  the  signal  is  attached  to  the 
given  connector.  All  signals  on  the  motherboard  are  grouped 
according  to  function. 
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Fig  B-l  Motherboard  Wiring  List  (cont) . 


In  addition  to  the  wiring  connections  listed  above,  each 
MCB  processor  card  has  a  number  of  jumper  connections  on  its 
edge  connector.  See  the  Z80  MCB  User's  Manual  (27)  for 
further  information. 
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Wiring  List  Program 


This  appendix  contains  the  wire  list  users  manual  which 
was  used  to  generate  the  wire  routing  program  included  at  the 
end  of  this  appendix.  The  card  deck  which  must  be  loaded 


into  the 

CDC  computer 

may 

be 

obtained  from 

Dr.  Lamont, 

AF IT/ENG. 

That  program 

must 

be 

loaded  before 

the  users' 

program  can  be  run. 
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Wlist  Users  Manual 


I.  General  Description . 

How  It  Works  .  . 

Output  Forms  ...  . 

II.  How  To  Use  The  Program  . 

Input  Cards . .  . 

Executing  The  Program.  .  .  . 

III.  Interpreting  The  Output . 

Error  Diagnostics.  ..... 

IV.  Conclusion  ...  . 

Wire  Routing  Listing . 

Unit  Connections  For  UNID  Memory  Card 
Signal  List  For  UNID  Memory  Card.  .  . 
Wire  List  For  UNID  Memory  Card  Level  1 
Wire  List  For  UNID  Memory  Card  Level  2 


WLIST  USERS  MANUAL 


I.  General  Description 

The  purpose  of  WLIST  is  to  aid  the  hardware  designer  in 
generating  an  error  free  wire  list,  provide  a  part  of  the 
standard  documentation  of  hardware  design,  and  allow  much 
simplified  updating  of  documentation  after  a  change  in  design 
has  been  made. 

How  It  Works  -  The  user  provides  a  list  of  signal 
connections  to  each  IC,  plug,  jack  or  other  similar  device. 
The  data  is  sorted  and  collated  in  several  different  ways  to 
provide  the  various  output  formats.  An  approximation  of  the 
best  sequence  of  connections  for  each  signal  is  generated. 
Errors  of  certain  types  can  be  detected  and  diagnostic 
messages  are  issued. 

Output  Forms  -  There  are  three  output  products.  The 
first  is  essentially  a  reformatting  of  the  input  data.  By 
unit  (IC,  etc.),  the  pin  numbers  and  signals  connected  are 
listed.  The  second  product  is  a  list  of  all  unit/pin 
connections  by  signal  name,  starting  with  the  source  of  the 
signal.  Also  listed  is  the  fan-out  of  each  signal.  The 
third  product  is  a  connection  by  connection  wiring  list,  with 
separate  lists  for  each  level  of  wire  wrap. 

ii.  Usm  tp  Has  ilia  Pnsgiam 

Input  Cards  -  There  are  three  types  of  data  card:  1)  the 
title  card,  2)  unit  cards,  and  3)  connection  cards. 
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The  title  card  contains  an  asterisk  followed  by  a  title 
of  up  to  20  characters.  The  title  is  printed  on  each  page  of 
the  output  listing. 

example  *PROM  BOARD 

Unit  cards  cc/ntain  the  location,  number  of  pins,  and 
name  (or  comment)  of  each  IC,  connector,  etc.,  on  the  board. 
One  unit  card  is  required  per  device.  The  first  character  is 
a  dollar  sign;  followed  by  location  (e.g.  A:4) ,  number  of 
pins  (1-999)  and  up  to  10  comment  characters. 

example  $A: 4, 2 4, EPROM  2708 

Connection  cards  contain  the  names  of  signals  to  be 
connected  to  each  pin  of  a  device  defined  by  a  unit  card.  As 
many  connection  cards  as  necessary  follow  each  unit  card. 
Signal  names  of  up  to  10  characters  are  listed,  separated  by 
commas,  starting  with  pin  1.  Pins  intended  to  have  no 
connection  must  be  named  "NC".  One  signal  source  must  be 
specified  for  each  signal  name  used  on  a  board.  The  source 
is  identified  by  an  asterisk  preceeding  the  signal  name. 
Connection  cards  may  only  use  the  first  72  columns.  Columns 
73  through  80  are  reserved  for  optional  sequence  numbers, 
example  $D:8,14,AND  7408 

ENA1 , CLK , *STB1 , ENA2 , CLK , *STB2 , 
GND , NC , NC , NC , NC , NC , NC , VCC 


Executing  the  Program 

WLIST  can  be  run  using  a  card  reader  or  a  time-sharing 


terminal . 


If  run  using  a  card  reader,  the  following  control  card 
deck  should  be  used. 

$JOB  H80  SYST  BCDDMP  PRI=15  OUT=0 

*RJE  100  H80  * 

3  initials, T15,CM77000, 1020, .T820665, name, box  #, phone  # 

ATTACH, WLIST, ID=E770050 , SN=ASDEN , CY=1 . 

LIBRARY, COBOL.  ^ 

COPY, INPUT, WLDATA. 

REWIND, WLDATA, WLIST. 

WLIST. 

REWIND, WLDATA, WLIST. 

7/8/9 

data  cards 

6/7/8/ 9  See  Fig  C-l  for  a  sample  card  deck. 

If  executed  from  a  time-sharing  terminal,  the  "deck" 
should  contain  the  same  control  cards  used  above,  with  "*EOR" 
substituted  for  "7/8/9"  and  "*EOF"  substituted  for  "6/7/8/9". 
III.  Interpreting  the  Output 

Two  header  pages  are  printed  identifying  the  circuit, 
version  of  WLIST,  and  the  date  and  time  at  which  the  job  was 
run.  This  allows  immediate  identification  of  the  most  recent 
run. 

The  normal  output  is  self-explanatory.  Signal  sources 
are  identified  by  a  leading  asterisk.  The  wire  list  output 
is  provided  in  wire  wrap  levels.  All  level  one  connections 
should  be  made  prior  to  proceeding  to  level  two.  This  will 
eliminate  wiring  level  changes  and  make  later  modification  of 
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$JOB  H80  SYST  BCDDMP  PRI-15  OOT-O 
*Rjg  100  H80  * 

GFC, T15,CM77000, 1020, .T820665 ,fcuOMO, 4093, 55533 
ATTACH, WLIST, ID-E770050 ,SN«ASDEN, CY-1 . 

LIBRARY, COBOL. 

COPY, INPUT, WLDATA. 

REWIND , WLDATA, WLIST . 

WLIST. 

REWIND, WLDATA, WLIST. 

7/8/9 

*WLIST  EXAMPLE 

$A: 1 , 16 , CNTR  74161 

CLR , CLK,D4 ,D5 ,D6,D7 , ENA , GND , 

LD*  ,  EN A ,  AO  ,  A1 ,  A2  ,  A3  ,  *C  1 ,  VCC 

$B: 1 ,16 ,CNTR  74161 

CLR, CLK,D0 ,D1 ,D2 , D3 ,C1 ,GND, 

LD* , Cl , A4 , A5 , A6 , A7 , *OVR, VCC 
$C: 1,2 5, CONNECTOR 

*D0 , *D1 , *D2 , *D3 , *D4 , *D5 , *D6 , *D7 , *LD* , *ENA, *CLK, NC, 
*VCC, *GND , *CLR , NC , *A0 , *A1 , *A2 , *A3 , *A4 , *A5 , *A6 , *A7 , OVR 
6/7/8/9 


Fig  C-l  Example  Card  Deck. 


the  circuit  easier.  Since  the  algorithm  for  determining  the 
sequence  is  a  simple  one,  the  results  may  not  always  be  the 
best  possible.  If  there  are  signals  that  are  sensitive  to 
excessive  wire  length,  their  routing  should  be  checked  before 
the  board  is  wired.  Space  is  provided  on  the  wire  list  to 
enter  information  such  as  wire  gauge  and  color  or  other 
appropriate  remarks.  The  list  is  designed  to  be  cut  down  to 
8  x  10  1/2  size  for  easy  use  at  the  lab  bench. 

Error  Diagnostics  -  A  moderate  amount  of  error  checking 
is  done  in  the  program.  As  with  all  such  error  diagnostics, 
care  must  be  used  in  interpretation  because  the  actual  error 
may  not  be  exactly  that  indicated.  The  commonly  encountered 
error  messages  will  be  discussed  briefly. 


If  a  signal  name  occurs  only  once,  an  informative 
diagnostic  advises  that  the  fan-out  is  zero.  This  may 
result  from  a  typographic  error  in  the  string  name. 

If  no  source  is  declared  for  a  signal,  an 
informative  diagnostic  advises  that  there  is  no  source. 
This  may  also  indicate  a  typographic  error. 

If  more  than  one  source  has  been  declared  for  a 
signal,  an  informative  diagnostic  advises  such. 

If  an  error  has  been  detected,  the  wire  list  will 
be  aborted  and  a  fatal  diagnostic  will  be  printed. 
This  is  necessary  because  results  of  the  wire  list  are 
unpredictable  if  errors  have  been  encountered. 

IV.  Conclusion 

Although  it  will  probably  be  more  work  for  the  designer 
to  generate  a  wire  list  with  this  program,  it  has  been  found 
that  it  is  useful  in  removing  errors  from  the  wire  list  and, 
in  some  cases,  pointing  out  design  errors.  It  forces  more 
discipline  on  the  designer,  particularly  in  the  often 
neglected  area  of  documentation.  It  is  of  particular 
advantage  in  keeping  documentation  up-to-date  when  changes 
are  made  in  the  design  after  fabrication.  The  few  cards 
affected  can  be  changed,  the  program  rerun,  and  a  completely 
new,  up-to-date  set  of  documentation,  without  penciled 
corrections,  is  available.  If  done  properly,  use  of  the 
program  can  be  well  worth  the  time. 


WIRE  ROUTE  LISTING 


Following  is  the  wire  routing  listing  which  was  used  to 
wire  wrap  the  new  memory  boards  built  for  the  UNIDs.  On  this 
page  is  listed  a  guide  to  the  correlation  between  the  list's 
chip  locations  and  the  card's  chip  socket  labels. 


AjI  =  Edge  Connector 

B:  1  =  1 

B: 13  =  3 

B: 16  =  6 

B: 18  =  8 

B: 21  =  10 

B: 23  =  12 

C : 12  »  14 

C : 14  =  16 

C : 17  =  19 


D:  13 
D:  16 
D:  18 
D :  21 
D:  23 
E :  11 
E:  12 
E :  13 
Et  15 
E :  17 
E:  19 
23 


Fill 
F :  12 
F:  13 
F :  14 
F:  15 
F:  16 
F:  17 
F :  18 
F :  19 
F :  21 
F:  22 
F :  23 
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